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We show from a bond valence sum correlation that very high superconducting Tc values should
be found in optimally hole-doped infinite-layer ACuO2 cuprates - up to 160 K for A = Ba. The
projected increase in Tc across the series arises from “internal pressure” effects as A runs from Mg
to Ba. We then use density functional theory to investigate these pressure effects on the band
structure in an attempt to understand this progressive increase in Tc. Where these materials have
been synthesised we find good agreement between our calculated structural parameters and the
experimental ones. We find that internal pressure associated with increasing ion size does indeed
enhance the superconducting energy gap, as observed, via modifications to the electronic dispersion.
Furthermore, in our calculations, pressure alters the dispersion independently of how it is applied
(internal or external) so that the superconducting energy gap correlates with the unit-cell volume
and a Fermi-surface shape-parameter describing ratio of next-nearest-neighbor to nearest-neighbor
hopping integrals. We infer an energy scale for the pairing interaction of the order of 1 eV, well
above the magnetic energy scale.
I. INTRODUCTION
Ion-size is a concept for the volume of space occupied
by an ion’s bound electrons. It is an important consider-
ation in the synthesis of novel materials or in predicting
structural stability and can play an analogous role to
external-pressure by altering orbital overlap. The asso-
ciated “effective pressure” is called chemical- or internal-
pressure.1,2 Here, we refer to the chemical-pressure from
altering ion-size as ‘internal-pressure’ and mechanically
applied pressure as ‘external-pressure’. Isovalent ion-
substitution can thus be utilized to alter the structural
and electronic properties of a material, and this can be
achieved in a systematic manner where the ion-size pro-
gressively changes, as in the rare-earth series R={Lu,
. . . , La}, or column II ions A={Mg,Ca,Sr,Ba,Ra}. For
example, in the R(Ba2−xSrx)Cu3O7 family of cuprate
high-temperature superconductors the lattice and struc-
tural parameters systematically change with ion-size,
demonstrating internal-pressure effects.3–5 Concurrently,
as the ion-size is increased, the maximum superconduct-
ing transition temperature, Tmaxc , increases from 70 K
for YSr2Cu3O7−δ,5 to nearly 100 K for LaBa2Cu3O7.6
Relating Tc in a systematic way to crystallographic and
electronic structure is undoubtedly complicated by the
competing correlations that exist in the cuprates.7 The
presence of a pseudogap as a separate competing entity,
charge-ordering and their respective Fermi-surface recon-
structions, is now well established.8,9 Despite this, for all
cuprates the maximum superconducting transition tem-
perature, Tmaxc , in the phase curve at optimal doping
does correlate exceptionally well with a structural bond
valence sum (BVS) parameter, V+ = 6 − VCu − VO(2) −
VO(3), which combines both the planar copper and oxy-
gen BVS as a measure of the distribution of doped charge
between copper and oxygen orbitals.10 V+ also reflects
the in-plane stretch and the displacement of the apical
oxygen. Its correlation with Tmaxc is shown in Fig. 1
for the above-mentioned RBa2−xSrxCu3O7, where the
red symbols are for different R across the lanthanide se-
ries when x = 0 while blue symbols are for increasing x
when R=Y.11 The systematic trend reflects the progres-
sive increase in ion size and it is part of a more general
trend, shown by the green symbols, across all cuprates.10
By any measure the correlation is exceptionally good.
This surely gives some hope that underlying the complex
soup of electronic interactions which are present in the
cuprates there does exist a common and systematic re-
lationship between Tc and structure. This paper aims to
identify and clarify the details of this relationship in an-
other model cuprate system, the so-called infinite-layer
cuprate ACuO2.
But first we comment further on why, despite the com-
petition of compound electronic order, such a relation-
ship might yet exist. To begin with, charge ordering,
whether short- or long-range, seems to be confined to the
underdoped region7,9 and is responsible for the plateau
or dip in Tc around a hole concentration, p, of about
0.12 holes/Cu.12 It therefore likely has little or no influ-
ence on the magnitude of Tmaxc on the gross scale of Tc
values ranging from 7 K to 134 K. And while the pseu-
dogap is already present at optimal doping it closes not
far beyond,8 where the scale of Tc is already set. Typi-
cally, with increasing hole doping the value of Tc falls just
7% from its maximal value when the pseudogap closes.
Indeed the pseudogap is responsible for the decrease in
Tc on the underdoped side
13 since the magnitude of the
gap amplitude, ∆0, remains essentially constant across
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FIG. 1. (Color online) The correlation between the highest Tc,
Tmaxc , across all cuprates and the composite bond-valence sum
V+. The hollow symbols show predicted T
max
c for optimally
doped ACuO2 and Nd2CuO4 based on their calculated V+.
The (Ca0.3Sr0.7)0.9CuO2 sample is likely underdoped.
the underdoped regime.14,15 Evidently it would be more
appropriate to seek a relationship between ∆0 and struc-
ture since the magnitude of the order parameter is a more
fundamental quantity than Tmaxc . This is underscored by
the fact that in the cuprates strong fluctuations reduce
Tc significantly below the mean field value (thus account-
ing for the large observed values of 2∆0/kBT
max
c ).
15 So
we embark on our enterprise with the clear understand-
ing that Tmaxc is only a proxy for the overall scale of ∆0,
but it is a consistent proxy little affected by charge or-
dering, the pseudogap and their associated Fermi surface
reconstructions.
The clear implication of Fig. 1 is that expanding the
lattice by substituting larger ions increases Tmaxc . And
so we ask what would be the equivalent effect in the ideal
infinite layer compounds ACuO2 with increasing ion size
as A progresses down column 2 of the periodic table: A=
Mg→ Ca→ Sr→ Ba? To anticipate, we use the energy-
minimized structural parameters found below to calcu-
late V+ for this series. The simplicity of the structure is
such that only the a- and c-axis lattice parameters are
needed for the calculation. The calculated values of V+
are comparatively high and the black symbols in Fig. 1
show the model Tmaxc values if the correlation is preserved
in this idealized system. The predicted Tmaxc , ranging
up to 160 K for A=Ba represent our first key result.
The challenge is to synthesise these materials and dope
them up to optimal doping p ≈ 0.16 holes/Cu, but this
prediction provides strong motivation for deeper study
of this generic system. As a comparison, we do have
one data point (orange) for (Ca0.3Sr0.7)0.9CuO2 where
Tc is reported at 110 K.
16–18 The stoichiometry here sug-
gests a doping level of p ≈ 0.10 and indeed we can es-
timate the doping level using a second BVS parameter
V− = 2 + VCu − VO(2) − VO(3), which we find to take the
value 0.098, in agreement with the stoichiometry. So this
system is somewhat underdoped and we expect Tmaxc to
exceed 110 K, perhaps more in keeping with the correla-
tion in Fig. 1.
We may view the data of Fig. 1 as generally indicating
a decrease in Tmaxc due to internal- or chemical-pressure
arising from chemical substitution of smaller ions. These
internal -pressure effects on Tmaxc contradict the univer-
sal increase of Tmaxc under external -pressure that is ob-
served in the cuprates.19 This presents a central paradox
in cuprate physics and its resolution may well reveal the
underlying pairing mechanism. It is difficult to under-
stand in a simple magnetic pairing scenario where both
internal and external pressure equally increase the mag-
nitude of the anti-ferromagnetic exchange energy, J . In-
stead we have argued that ion polarizabilities play a key
role in resolving this paradox in an alternative dielectric
pairing scenario.11 Of course both might be operative.
This sets the scene for the present studies. There is a
clear correlation between structural parameters and Tmaxc
which can be tuned by changing ion size. On the other
hand, internal pressure arising from ion-size effects has
the opposite effect of external pressure. We choose the
infinite-layer cuprate, ACuO2, as the ideal model sys-
tem to explore, and possibly reconcile, these effects. We
use density functional theory (DFT) calculations where
internal-pressure is implemented by altering the A-site
ion from Mg to Ba. We then compare these results with
the simulated effect of external pressure. ACuO2 was
chosen because it has the simplest realisable chemical
structure that still displays essential aspects of cuprate
physics. It has a P4/mmm tetragonal unit-cell with the
Cu ion at (0, 0, 0), O at (a/2, 0, 0) and (0, a/2, 0) and
A at (a/2, a/2, c/2). The undoped material is insulat-
ing due to strong electronic correlations.20 As noted, su-
perconductivity is observed in (Ca0.3Sr0.7)0.9CuO2 with
Tc = 110 K for hole-doping (due to A vacancies)
16,17
or Tc = 42 K under electron-doping (by R substitu-
tion for A).21 More recently, high-quality multilayer thin
films of CaCuO2 and SrTiO3 have been grown with Tc
up to 50 K22–24 where the CuO2 layer is hole-doped
via excess oxygen at the SrTiO3-CaCuO2 interface
25,26
and CaCuO2-(Ba1−xNdx)CuO2+δ multilayers have been
grown with Tc up to 80 K.
27–30
DFT has been used extensively to study the elec-
tronic properties of the cuprates. Early calculations accu-
rately reproduced phonon spectra and intensities observ-
able by Raman spectroscopy.31 More recently Pavarini
et al.32 and Sakakibara et al.33,34 used DFT methods to
identify electronic parameters that might play a role in
governing Tmaxc . As a model cuprate there have been
numerous DFT studies on CaCuO2.
35–41 These studies
found that the experimental lattice parameters were re-
produced to within a few percent. The calculated band-
structure had similar features to other cuprates, such
as YBa2Cu3O7−δ. Other than a shift in the Fermi-
3Energy, EF , the band-structure changed little with hole-
doping, p, up to 10% (Ref. 38) - a so-called rigid band
shift. In the DOS there is a van-Hove-singularity fea-
ture ∼ 1 eV below EF and its position is pressure
dependent.42 In addition, various methods have been em-
ployed to try to reproduce strong-correlation features
of the undoped cuprates, such as the charge-transfer
band-gap and the anti-ferromagnetic order on the CuO2
plane.35,40 There have also been several reported DFT
studies of SrCuO2.
40,43 Prepared under ambient pres-
sure, stoichiometric SrCuO2 forms 1D chains
44 whilst
the electron-doped Sr0.9R0.1CuO2 forms the P4/mmm
tetragonal structure.21 A recent DFT study investigated
the propensity of ACuO2 thin-films lattice matched to
their SrTiO3 substrate to form an alternative chain-like
structure.45
In distinction to these previous studies, we present here
a comparative study of ACuO2 across the alkaline earth
series to investigate internal- and external-pressure ef-
fects on the electronic properties in this family of cuprate
materials.
II. COMPUTATIONAL DETAILS
The DFT calculations were performed using the Vi-
enna Ab-Initio Simulation Package46–50 (VASP) with
Projector Augmented Wave (PAW) pseudopotentials
from the VASP5.2 library.51,52 We used the GGA-PW91
Generalised Gradient Approximation scheme developed
by Perdew et al.53,54 to derive the form of the exchange-
correlation potential and kinetic energy in the single-
electron Hamiltonian.
To calculate the equilibrium structural parameters for
ACuO2, we determined the internal-energy, U , (the ‘free-
energy’ in VASP nomenclature) for fixed unit-cell vol-
ume, V , with a 16 × 16 × 16 k-space, Γ-centred mesh.
For each V , the ion positions and lattice parameters
were first relaxed, using a conjugate-gradient algorithm55
in VASP, and this was followed by an accurate cal-
culation of U with fixed ion positions and lattice pa-
rameters. The results of this procedure are shown in
Fig. 2a). The lattice parameters with the lowest free-
energy are; a = b = {3.779, 3.880, 3.962, 4.019} A˚ and
c = {2.907, 3.201, 3.467, 3.888} A˚ for A=Mg, Ca, Sr
and Ba respectively. These correspond to unit-cell vol-
umes of V = {41.52, 48.19, 54.42, 62.81} A˚3. The c/a
ratio scales with unit-cell volume as c/a ≈ αV + const.
with α = 0.0044 A˚−3, which is similar to what is found
experimentally56. We do not observe any buckling of the
CuO2 layers, as expected on symmetry grounds.
For calculations of the electronic dispersion we use
structures with the lowest F and a 24 × 24 × 24
k-space mesh. Band-structure calculations involve a
non-self-consistent calculation using a high-quality self-
consistently calculated charge-density as an input.
The grey shaded regions in Fig. 2a) indicate exper-
imentally determined structural parameters at room-
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FIG. 2. (Color online) (a) The internal energy, U , deter-
mined from fixed-unit-cell-volume, ion relaxation calculations
on ACuO2 as indicated on each panel. Insets show the cor-
responding c/a lattice parameter ratios. The grey shaded re-
gions represent reported experimental values. The curves in
the main panels are fits to the Murnaghan equation of state
used to determine the bulk moduli. (b) The band structure
for each A along the path Γ-X-M -Γ with kz = 0. (c) Fermi-
contours ((k) = 0) calculated at kz from 0 (heavy black line)
to pi/c (magneta line) in steps of 0.083pi/c, for each ACuO2.
4temperature where they are available.17,21,28,57,58 To our
knowledge there are no reports that MgCuO2 has been
synthesized. Neither has the synthesis of pure bulk
BaCuO2 been reported, suggesting this compound is also
unstable. For example de Caro et al.28 report up to
30% vacancies on the Cu site with lattice parameters
c ≈ 4.2 A˚ and a = 3.906 A˚ assumed from lattice match-
ing to the SrTiO3 substrate. Here we find a reversed c/a
ratio compared with these experimental results. Super-
lattices of intercalated Ba-, and Ca- infinite layer com-
pounds have been reported to be superconducting up to
80 K28–30. Note that the ion-size dependent c/a lattice-
parameter ratio indicates anisotropic stress under ion-
substitution so that the internal-pressure effect is not
simply hydrostatic.
To calculate the bulk moduli, B0, we fit the data pre-
sented in Fig. 2a) to the Murnaghan equation of state2
(in SI units);
F (V ) = F0+
B0V
B′0(B0 − 1)
[
B′0(1− V0/V ) + (V0/V )B
′
0 − 1
]
(1)
where B′0 = −∂B0/∂P |T is generally taken to be con-
stant. The fits are shown as lines in Fig. 2a) from
which we find B0 = 98, 106, 111 and 127 GPa for A
= Ba, Sr, Ca and Mg respectively. As expected, these
materials become more compressible as the ion-size in-
creases. By comparison Qin et al.56 experimentally de-
termine the bulk moduli of CaCuO2 to be 96 GPa for
P < 6 GPa and 186 GPa for P > 6 GPa, where P de-
notes (external) pressure. (For comparison with other
cuprates, B0 = 123 GPa for YBa2Cu3O7 and 78 GPa
for YBa2Cu3O6.
59) We thus find reasonable agreement
between our calculated stable structural parameters and
experimental results.
To simulate external pressure we used relaxed struc-
tures at fixed V where F is not at the minimum. For ex-
ample, CaCuO2 with a unit-cell volume of V = 45.6 A˚
3
corresponds to an external pressure of P = 9.6 GPa
when using the experimental bulk modulus of 186 GPa
(Ref. 56) and has the ratio c/a = 0.813. This simulated
external pressure has a similar effect on the c/a ratio as
that of internal pressure.
III. RESULTS - ELECTRONIC STRUCTURE
Here we are interested in the internal-pressure induced
modification of the electronic dispersion, (k), close to
EF ((k) = 0) and how this compares with that caused
by external pressure.
In Fig. 2b) we show the band-structure along the path
Γ-X-M -Γ with kz = 0 for ACuO2 at P = 0. Between
k = (kx, ky) = (0, pi) and k = (pi, pi) there is a strongly
dispersive band crossing EF close to k = (pi/4, pi) and
k = (pi/2, pi/2). This band, shown colored, is associated
with states in the CuO2 plane and is the only band that
contributes to the DOS within 0.45 eV of EF . Between
−1 eV and −0.5 eV there are several other bands that
move closer to EF as the A-site ion-size increases (and
as V concurrently increases).
It is well known that the undoped cuprates, including
CaCuO2, have a charge transfer gap of approximately
2 eV,20,60 in contrast to these calculations which imply
undoped ACuO2 is metallic. In fact, this is to be ex-
pected from GGA calculations on the undoped system
because they do not account for the strong-correlation
physics of the undoped cuprates. This deficiency could be
addressed by the use of LSDA+U calculations to correct
the band gap by the introduction of a Coulomb repul-
sion term. However, this would cause some difficulties in
comparison of ion-size effects, since U itself should be ion-
size dependent due to the effect of ionic polarizability61
on screening.62,63
However, the dispersion reflects the rigidly shifted
band structure observed using angle-resolved photoemis-
sion spectroscopy (ARPES) at finite doping where the
strong-correlations are screened out by mobile carriers.
Further, the saddle-point vHs is known to reside below
EF and is crossed in the overdoped region leading to a
change in the Fermi-surface topology.64,65 So these cal-
culations do reveal the features of the dispersion that are
known to exist when correlations are suppressed and it
is therefore plausible that the systematic changes with
ion-size shown here reflect real band-structure evolution.
The calculated band structure also reveals that the
dimensionality of the dispersion is affected by internal-
and external-pressure. To illustrate this, in Fig. 2c we
plot Fermi-contours ((k) = 0 in the ((kx, ky)-plane) for
kz momenta from 0 to pi/c in steps of 0.083pi/c. The
kz dispersion is smaller for larger A ion-size because
these decouple the CuO2 layers resulting in the more
2-dimensional-like Fermi-surface. When A=Ba there is
little change in the Fermi-contours for different kz. Only
when this kz dispersion is considered is the Luttinger sum
rule satisfied for these undoped materials.
In Fig. 3 we show the total DOS as a function of
internal-pressure (i.e. as the A-site ion-size progressively
increases). Starting at E = −1.5 eV, there is a peak in
the DOS that progressively moves closer to EF as the
internal-pressure increases. The multiple bands in this
energy region and the significant kz dispersion (partic-
ularly for the materials with small unit-cell volume, V )
complicate the interpretation of this feature. There is a
secondary peak in the DOS between −1 eV for MgCuO2
and −0.5 eV for BaCuO2 that derives in part from the
saddle-point in the dispersion of the colored band in
Fig. 2b. In materials with smaller V this peak is sig-
nificantly broadened by the large kz dispersion.
However, the states directly relevant to superconduc-
tivity most likely lie within ≈ 0.5 eV of EF . This region
of the DOS is shown in the inset to Fig. 3 and shows that
the DOS at EF is similar, but with a slight increase in
the DOS with increasing ion size. The band contributing
to the DOS in this region, shown colored in Fig. 2b, can
be interpolated using the tight-binding expression;
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FIG. 3. (Color online) The calculated density of states (DOS)
for ACuO2 illustrating a shift in weight closer to EF as the
A ion-size increases. The DOS is normalised such that each
band contains 1 state.
(k) = c0 +
1
2c1[cos(kx) + cos(ky)]
+ c2[(cos(kx) cos(ky)]
+ 12c3[cos(2kx) + cos(2ky)]
+ c⊥ cos(kz/2)[cos(kx)− cos(ky)]2
(2)
The c⊥ cos(kz/2)[cos(kx) − cos(ky)]2 term in Eq. 2 ac-
counts for the kz dispersion
32,66 illustrated in Fig. 2c.
The tight-binding coefficients, ci, extracted from fit-
ting the DFT-derived dispersion, (k)DFT, are plotted
in Fig. 4a. Closed (open) symbols are for internal-
(external-) pressure effects and show that the dispersion,
(k), alters with internal- and external-pressure in a sim-
ilar fashion. The errors for each tight-binding fit, defined
as N−2
∑
k
√
(k)2DFT − (k)2fit where N is the number of
data points, are shown in the lower panel. Typical errors
are ≈ 1.75 eV with larger volumes better described by
the tight-binding dispersion of Eq. 2. Eq. 2 best describes
the band close to EF and deviates most from the DFT
values around the top and bottom of the band. Param-
eterizing the dispersion thus is justified if one’s interest
is restricted to within ∼ 0.5 eV of the EF , as is indeed
the case for our calculations of the superconducting en-
ergy gap (described below). Importantly, this allows us
to sample the dispersion over a much finer k-space mesh
of 3000×3000×100 points (which is not practically pos-
sible using VASP alone) for calculations of the DOS and
the superconducting energy gap.
The nearest-neighbor hopping term, c1, shows the
largest pressure-induced variation, increasing from −1.9
to −1.5 eV from the smallest to largest V . Concur-
rently, the next-nearest-neighbor term, c2, increases from
0.05 to 0.5 eV resulting in the more ‘rounded’ Fermi-
contours of BaCuO2 seen in Fig. 2c. We describe later in
the paper how these pressure-induced changes in Fermi-
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FIG. 4. (Color online) a) Tight-binding parameters of Eq. 2
determined from our DFT calculations for ACuO2 and the
fit errors. Closed (open) symbols are for internal- (external-)
pressure effects. b) The density of states (DOS) calculated
from the fitted tight binding dispersion (Eq. 2) with the pa-
rameters shown in a). Solid lines represent internal-pressure
effects, dashed lines represent external-pressure. The DOS is
normalised such that the band contains 1 state.
surface shape relate to the superconducting energy gap.
c⊥ vanishes as V increases reflecting the weaker c-axis
coupling between CuO2 planes at larger V and a more
2-dimensional-like Fermi-surface.
The DOS calculated from the parameterized disper-
sion, (k)fit, is shown in Fig. 4b. Full solid lines repre-
sent internal-pressure effects (ACuO2 with A indicated in
the legend) and dashed lines represent external-pressure
effects (CaCuO2 with the effective pressure indicated in
the legend). Fig. 4b reveals similar features to the DOS
calculated with VASP where materials with larger V
have higher DOS at EF . Fig. 4b also shows the vHs
at E ≈ −0.5 eV originating from the saddle-point in
6the band around (kx, ky) = (0, pi) (and symmetry related
points). The vHs is significantly broadened by the kz
dispersion for materials with smaller V .
IV. SUPERCONDUCTING ENERGY GAP
CALCULATIONS
What bearing might these internal- and external-
pressure induced changes in the dispersion and DOS
have on superconductivity in these systems? To ap-
proach this question we solve the self-consistent BCS gap-
equation65,67 to obtain the superconducting energy gap,
∆0;
∆(k) = −1
2
∑
k′
vkk′∆(k
′)√
(k′)2 + ∆(k′)2
(3)
Here vkk′ is the pairing potential of the form vkk′ =
vgkgk′ where gk = cos(kx) − cos(ky) to reflect d-wave
symmetry, and the d-wave superconducting gap is given
by ∆(k) = 12∆0gk. Note that in the absence of competing
order parameters, such as the pseudogap, one can expect
that Tc is proportional to ∆0. We take (k) from the
tight-binding fits, (k)fit, discussed above.
We solve Eq. 3 self-consistently assuming a pressure
and ion-size independent v = 350 meV and summing
over states (k) within ±150 meV of EF . The resulting
∆0 values are plotted as a function of unit-cell volume in
Fig. 5. Closed symbols represent volume changes induced
by internal-pressure, while the open symbols represent
volume changes induced by external-pressure. There is a
30-fold increase in the magnitude of ∆0 for an approxi-
mately 50% increase in the unit-cell volume. The sensi-
tivity of ∆0 on the unit-cell volume shown in these cal-
culations demonstrates that these internal- and external-
pressure effects can potentially have a dominant effect on
the superconducting properties via the electronic disper-
sion, (k).
Although there is some scatter in the internal-pressure
data which ultimately results from the detailed shape of
the Fermi-surface, it appears that ∆0 correlates with the
unit-cell volume independent of the mechanism altering
the volume. This means that the character of the band
crossing EF derives from the CuO2-layer and not the A-
site ion. This correlation is independent of the choice
of v or energy cut-off. We also checked this correlation
for different doping levels of the CuO2-layer, p, where
p is varied by setting EF so that integrating the DOS
(derived from Eq. 2) up to EF gives the desired number of
electrons, e.g. 0.84 if p = 0.16 is desired. This method of
varying p can only be valid within a rigid-band scenario.
At p = 0.19, EF is shifted down in energy by up to
280 meV in Fig. 2b so that there is still only one relevant
band for the calculation of ∆0. With p > 0 we find a
similar correlation between ∆0 and the unit-cell volume
yet more clearly demonstrated.
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FIG. 5. a) The superconducting energy gap, ∆0, deter-
mined from the self-consistent BCS gap equation, Eq. 3, as
a function of the unit-cell volume. Solid symbols represent
internal-pressure induced by A-site ion substitution in ACuO2
and open symbols represent CaCuO2 under positive and neg-
ative external-pressure. There is a significant variation in ∆0
that is correlated with the unit-cell volume somewhat inde-
pendent of how the pressure is applied. b) The magnitude
of the assumed pairing interaction, vkk, corresponding to the
points where the Fermi contours touch the zone boundary at
(kx, ky) = (pi, kFy) as a function of kFz. The Fermi-surface of
BaCuO2 spans regions of lower pairing potential than SrCuO2
which results in the comparatively small ∆0 in a).
We note that the relative magnitudes of ∆0 for SrCuO2
and BaCuO2 (filled squares at V = 55 and 61.5 A˚
3 re-
spectively) are at odds with the general trend in ∆0 and
with CaCuO2 at equivalent V (open squares) and also
at odds with the general trends in Fig. 1. Recall that
the tight-binding parameters determining (k) alter un-
der internal- and external-pressure in a similar fashion so
that one might expect similar ∆0 from Eq. 3. Further-
more, the DOS at the Fermi-level, N(EF ), scales only
with V and so, in light of the weak-coupling BCS result
for d-wave superconductivity:
∆0 = 4.28kBTc = 4h¯ωB exp
( −1
N(EF )v
)
(4)
7the distinct ∆0 magnitudes for SrCuO2 and BaCuO2 are
especially surprising. In this equation h¯ωB is the pairing-
boson energy scale. However, one can understand these
disparate ∆0 as resulting from the difference in the aver-
age pairing potential close to the anti-nodes, where vkk
is largest. This is in turn due to the detailed shape of the
Fermi-surface. By way of illustration we plot in Fig. 5b
vkk corresponding to the points where the Fermi contours
touch the zone boundary at (kx, ky) = (pi, kFy) as a func-
tion of kFz (we append the subscript F to denote a value
of k at the Fermi-energy). Combined, Fig. 2c and Fig. 5b
show that the Fermi-surface of BaCuO2 spans regions of
lower pairing-potential than SrCuO2 which results in the
comparatively small ∆0. This result highlights how sen-
sitive ∆0 can be to the precise shape of the Fermi-surface.
V. DISCUSSION
While Fig. 5a shows that ∆0 correlates with V some-
what independently of how the pressure is applied, be-
cause of the near linear relationship between V , c1 and
c2 (see Fig. 4), the same correlation between ∆0 and the
composite parameter −c2/c1 or (−c2 +c3)/c1 holds. The
ratio r ∼ t′/t ≡ −c2/c1 is the Fermi-surface-shape pa-
rameter which Pavarini et al., and more recently Sakak-
ibara et al., showed correlates with Tmaxc across a wide
range of cuprates32–34 and this is consistent with the cor-
relation between −c2/c1 and ∆0 that we find here.
It is interesting to relate this relation between Fermi-
surface-shape and ∆0 or T
max
c to that between V+ and
Tmaxc shown in Fig. 1. The large values of V+ in Fig. 1
which lead to large projected values of Tmaxc arise mostly
because of the absence of the apical oxygen in the infinite-
layer system. It is this which also yields the high Tc val-
ues of the three-layer cuprates.68 The physical reason is
likely related to the distribution of charge on the (pla-
nar) oxygen orbitals relative to the copper69, which was
what the parameter V+ was first introduced as a measure
of10 (we note that our DFT calculations here can confirm
that the fraction of charge on oxygen orbitals grows con-
currently with V+ in ACuO2). Such ideas continue to
find support in recent experimental work. Peng et al.70
highlight the role of the apical oxygen on the ‘range’ of
electronic interactions and Tmaxc where they found that,
in general, as the apical oxygen is moved away from the
CuO2 layer the long-range Heisenberg interaction terms
become more important for an accurate description the
experimentally measured magnon dispersion. Also, Ry-
bicki et al. have recently made a similar prediction for
very high Tmaxc values in the electron-doped systems
based on their NQR measurements of charge distribu-
tion between oxygen and copper orbitals.71 Presumably
they would find the same for the infinite layer com-
pounds and an important challenge in this regard is dop-
ing these compounds. In heterostructure superlattices
of these compounds the significantly doped CuO2 layers
are found at the interface and are effectively bonded to
an apical oxygen that is part of the adjacent layer.25–27
This changes the local structure of the infinite-layer com-
pound. Only a modest transfer of charge, over the range
∼ 5 A˚,26 dopes the CuO2 layers beneath the interface,
with the innermost layers remaining undoped and non-
superconducting or heavily underdoped. It remains to be
seen whether alternate approaches to doping the infinite
layer compounds, such as liquid ion-gating, are viable.
In conclusion, we draw three main inferences: firstly,
we expect from BVS correlations that Tmaxc values for
optimally-doped infinite-layer compounds ACuO2 are
rather high, rising to Tmaxc ≈ 160 K as A ranges from
Mg to Ba (and possibly higher still for A=Ra) due
to internal pressure effects. Secondly, we show from
DFT calculations that such marked changes in super-
conducting properties are indeed plausible via the sys-
tematic changes in the dispersion, (k). Thirdly how-
ever, leaving aside Ba, these effects prove to be essen-
tially the same for both internal- and external-pressure
in contrast with the opposing effects of internal- and
external-pressure on Tc observed experimentally, for ex-
ample in the RBa2Cu3O7−δ (Refs. 3–5, and 19) and
(La1−xCax)(Ba1.75−xLa0.25+x)Cu3Oy (Refs. 72 and 73)
systems. This work suggests that the pressure-induced
modification of (k) alone is insufficient to account for the
observed pressure-induced variation in Tmaxc , and that
the disparate effects of internal and external pressure are
to be found in the pairing potential, v(k), or the pairing-
boson energy-scale. As we showed previously, a dielectric
pairing model seems to account for this disparity better
than a magnetic model.11 Moreover, we find from these
calculations that in order to achieve realistic gap values
of the order of 30 meV, as observed, one needs a bosonic
energy scale of the order of 1 eV, substantially larger
than the magnetic energy scale and perhaps more consis-
tent, for example, with a dielectric model where pairing
is mediated by exchange of virtual polarisation waves.74
Clearly there is a delicate interplay between the struc-
tural, electronic and superconducting properties in the
cuprates and a deeper understanding of this is necessary
to elucidate the dramatic material specificity of Tc. Com-
plementary internal- and external-pressure effects offer a
powerful approach to advance this project.
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